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POWER CONTROL BASED ADMISSION METHODS FOR MAXIMUM 
THROUGHPUT IN DS-CDMA NETWORKS WITH MULTI MEDIA TRAFFIC 



FIELD OF THE INVENTION 



The present application claims priority based on the provisional application serial No. 
60/169,849, filed on December 9, 1999, the entire contents of which are incorporated herein by 
reference. The present invention relates to a method for jointly controlling the data rates and 
transmit power of users so as to maximize throughput in cellular Direct Sequence Code Division 
Multiple Access (DS-CDMA) networks. The invention is applied to both multi-code (MC- 
CDMA) and variable gain (VG-CDMA) systems in order to maximize throughput in both 
systems. 



There is an increasing use of multi-media transmissions over cellular CDMA networks. 
However, a CDMA cellular network is by its very nature interferences limited. The layering of 
each signal across the available bandwidth increases the interference and affects the overall 
bandwidth utilization. 

Attempts have been made in the past to limit the amount of interference by limiting the 
number of network users. This obviously affected the throughput of the network and also 
adversely affected new admissions to the network. 

In a CDMA environment, in order to provide efficient bandwidth utilization the resources 
of the users that can be controlled are transmit power and data rates. The approach of power 
based admission policies has been to determine if a new potential user and existing users have 
sufficient power budgets to allow the new potential user to transmit at the requested data rate. 
Each user has an information bit energy to noise ratio that must be met in order to achieve 
desired quality of service requirements. It has been found, however, that the users cannot 
typically be allowed to transmit at their full transmit power capability since this adds 
unnecessary interference to the system, which in turn limits the number of possible users and the 
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data throughput. Thus, the transmit power of each user has to be controlled to limit interference 
while at the same time allowing sufficient power to meet the users requirements 



5 Besides power, the second user resource that can be controlled to maximize usage of the 

CDMA network is the data rate of the user. Two systems have been proposed for controlling the 
data rate. In a multi-code Code Division Multiple Access (MC-CDMA) system, each user 
operates at a fixed data rate using one or more codes to carry the information. The processing 
gain of each user is the same since the data rate is fixed. Processing gain is defined as the ratio 
10 between the signal baseband bandwidth and the spread spectrum bandwidth. Users attain higher 
data rates by using multiple codes simultaneously. In a Variable Gain Code Division Multiple 
Access ( VG-CDMA) system, only one code is used by each user and the data rate is changed to 
| meet the users data transfer requirements. The processing gain of the system changes inversely 
I with the data rates. In both variable gain and multicode CDMA networks, provisions must be 
15 made to control the admission of new users in order for the system to operate at maximum 
J throughput. The quality of services and Frame Error Rate of the user is dependent on the 
j received bit energy to noise power ratio. Therefore, the admission strategy must ensure that the 
' received bit energy to noise ratio for all user codes that are activated is above the required 
threshold. 

20 

A detailed mathematical analysis of the derivation of the algorithms for controlling the 
I data rates and transmit power of users, so as to maximize throughput in cellular DS-CDMA 
j networks is presented in the following references, which are hereby incorporated herein by 
reference in their entirety. 

25 

1) D.V. Ayyagari and A. Ephremides in Power Control Based Admissions 
Algorithms for Maximizing Throughput in DS-CDMA Networks with Multi- 
Media Traffic. EEEE-WCNC 1999, September 25, 1999. 

30 2) D.V. Ayyagari, Capacity and Admission Control in Multi-Media DS-CDMA 

Wireless Networks. Ph.D. Dissertation, University of Maryland, College Park, 
1998. 
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SUMMARY OF THE INVENTION 

In accordance with the present invention, an optimum system and method are provided 
5 for the admission of new users to a datalink using multi-code Code Division Multiple Access 
(MC-CDMA) and variable gain Code Division Multiple Access (VG-CDMA) networks. The 
MC-CDMA admission process is much simpler since all users of the network are using the same 
data rate and have the same processing gain. The VG-CDMA admission procedure is 
complicated by the use of varying data rates, depending on the type of information being 
10 transmitted over a multi-media data link, which cause the processing gain to vary inversely to the 
data rate. However, the variable gain procedure can be substantially simplified if a less than 
optimum solution is acceptable. A less than optimum technique is also taught herein. Both 

I systems tend to maximize throughput through their respective CDMA networks. 

i 

i 
f 

[15 Most generally, the inventive system comprises a plurality of users having different bit 

energy to noise requirements. There is a limited capacity, defined in terms of number of codes 
or data rates on individual codes available to be used by the network for allocation to users, the 
limit being determined by the constraint of meeting the bit energy to noise requirements of the 
active users. There is also a limited overall power allocation available for each of the potential 

j20 codes. An admission protocol maximizes capacity utilization within the network with the limited 

\ overall power budget. 

; With respect to an MC-CDMA network the admission protocol arranges the networks in 

i 

increasing order based on the bit energy to noise requirements. It includes the testing of multiple 
25 potential codes for generally simultaneous activation, the number of multiple potential codes 
being reduced until an acceptable threshold is met, the threshold being limited by the overall 
available power allocation such that network failure is minimal for the existing active codes 
within the network. 

30 For a VG-CDMA network the users are further broken down into users at different 

powers, the users being separated into different power groups as well as users at different data 
rates, the users being separated into different data rate sets. In a preferred teaching, the 
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allocation protocol includes users in two different power groups and three different rate groups, 
two of the rate groups calculated in terms of the third rate group. 



The network of the invention is discussed most specifically with respect to cellular 
5 applications. However, the various methodologies are equally applicable to local area networks, 
wide area networks, metropolitan area networks and fixed wireless networks. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 Figure 1 is a flowchart showing the steps to optimizing throughput through a multi-code 

DS-CDMA network. 

Figure 2 is a flowchart showing the steps in optimizing data rate and power in a variable 
gain DS-CDMA network. 



DETAILED DESCRIPTION 



;: I : 

sl[ Efficient bandwidth utilization is necessary to provide multi-media services on a cellular 

MpO CDMA platform. In a CDMA environment, the resources of the users that can be controlled to 
provide the most efficient bandwidth utilization are the transmit powers and the data rates. 

The most important attribute of the multi-code MC-CDMA system is that the data rate 
»J| and hence the processing gain of each code is the same. Users attain higher data rates by using 
i25 multiple codes simultaneously. The Frame Error Rate of the users is dependent on the received 



E / 

bit energy to noise power ratio y^ . Frame Error Rate is a measure of errors made 



in 



transmitting between a mobile unit and a base station while the received bit energy to noise 
power ratio is the signal to noise ratio necessary for two way communication. Therefore, an 

E / 

admission policy must ensure that the received y^ for all user codes that are activated, is 

30 above a required threshold. In the following, "activation" of a code means the particular mobile 
user is assigned a power level and given permission to transmit at a fixed data rate by a cellular 
network base station ("BS"). Activation of the new code also implies that all the codes that are 
currently active can continue to remain active. 
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Each mobile user has constraints on the minimum and maximum number of codes that 
can be used as well as a limitation on the maximum transmit power. The maximum received 
power is a function of the handset transmitter peak output power and the propagation gain from 
5 the user's current location (collectively, transmit power plus path gain and the system losses, is 
the user's power budget). A code allocation or activation is said to have a feasible or acceptable 
power allocation if the power that would be required by all active users upon activation of the 
new code, is equal to or less than the maximum transmission power capability of the users and 

the minimum threshold target is met for all active codes. Ideally, a power is selected that 

10 works the best while producing the least amount of interference. 

| The objective of an admission policy based on rate allocation is to determine the code 

allocation such that the overall traffic carried by the system is maximized, that is, the sum of the 
data rates allocated to all the users is maximized. Since the data rate per code is fixed, the 
jl5 reward function that must be optimized by the admission policy equals the sum of the number of 

i codes activated for all users. 

j 

| Since each code has the same data rate R in a MC-CDMA network, the reward function 

I appreciates by R, irrespective of the user who was allocated the new code. However, the effect 

! E / 

pO of admitting the new code on the active user powers depends on the target of the admitted 

f user. Peak capacity is reached when one or more users become power limited. Therefore, the 
' admission policy must activate the code with the least impact, in terms of increases in power 
levels and interferences, in order to improve the capacity. Ideally, a user is added that 
contributes the least amount of interference. The policy modulates the signal and spreads it 
25 across the entire bandwidth. The signals are layered on top of one another. 

The method of the present invention is shown, in a MC-CDMA environment in Figure 1, 
where 5 shows a queue of mobile users ("MS") that have requested the base station for 
permission to transmit data packets. These MS have also specified to the BS their maximum and 
30 minimum data rate requirements (by other means such as out-of-band signaling or contention 
access on control channels) admission to the network from the base station 



5 



20 



EXPRESS MAIL NO. EJ^40449 1 US PATENT 

Docket No. 99-961 




The base station begins the admission process at 7 where it assigns the minimum feasible 
number of requested codes to the mobile user with the lowest signal to noise ratio requirement. 

5 A code activation is said to have a feasible power allocation if the power requested for 

the activated code is less than the maximum power for all codes and the signal to noise ratio 
targets are met for all active codes. 

The base station continues admitting users from the queue in progressively increasing 
10 order of signal to noise ratios in order to maximize the number of new codes that can be 
activated. At point 9, the base station computes the minimum power levels of the new codes to 
be activated and the new powers of all active users, which change to compensate for the 
interference caused by the addition of new users to the network. Thus, the network computes the 

| minimum transmit power required by all active codes and all proposed additional codes caused 

i 

|15 by the addition of new users to the network. 



The minimum transmit power required can be computed easily from the minimum 
id 

budgets. 



E / 

received power required to maintain a desired for each active user and from their link 



I Without loss of generality, let there be M users with active codes or codes being 

j considered for activation and let s. be the received power from the i-th user. If W is the spread 
! spectrum bandwidth and R is the data rate per code and c s is the number of codes active or being 
25 activated for the i-th user, the minimum received powers required by all M users s x -s M are given 
by: 

W 

— xs { 

R - y. 



£ CjSj +(C,-1>,+Tf 

E / 

30 where the of the i-th user is y. and 7] is the sum of out of cell interference power and 

thermal noise. The notation "j" represents all users who are different form the "ith" user being 
considered in the equation. The summation in the denominator represents powers from all other 
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users excluding user "i". The minimum transmit power required is then obtained as follows: 
Transmission Power (Tx) = Received Power (Rx) + Path loss + System losses 

The base station also makes sure that no mobile station that is currently active is power 
limited. If any of the active mobile users require power greater than the maximum transmit 
power of any mobile user at point 11, the base station refuses admission at point 13. 

If the minimum power required is not greater than the maximum power for any active 
mobile user MS, at point 15 the base station activates the codes requested for a proposed user. 
At 17, the base station continues the code activation process for additional codes of the same 
user in steps of 1, testing at point 19 that the number of codes activated do not exceed the 
maximum number requested by the mobile station. Thus, the base station looks at the addition of 
codes one at a time up to the maximum number of codes desired by a user. 

On the acceptance of each set of new codes, as shown by arrow 21, the base station 
determines that the power to be allocated to the desired codes is within the maximum power 
capability of all the active mobile stations at point 11 as discussed above and either activates the 
codes at point 15 or rejects the proposed codes at point 13. When the maximum number of 
codes has been activated, the base station terminates the admission process for that particular 
user and returns to point 5 to consider a new user. The new user is the user in the request queue 
with the lowest signal-to-noise ("SNR") requirement. In case of a tie, the user may be chosen 
arbitrarily or based on the lowest number of codes required. As the process continues, the base 
station also continuously monitors the state of the network. In particular, as codes are activated 
or become deactivated, it adjusts the power level for all active users to ensure that they stay 
above their signal to noise ratio limit. 

As the base station determines that the admission process is approaching the end for a 
particular user, it can test to see if a feasible power allocation exists by the simultaneous 
activation of a minimum number of codes. The base station tests that the power allocation 
requested is less than the maximum power allocated to the user. If not, the base station rejects 
the codes being considered for activation and terminates the admission process. 
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By testing the feasibility of each set of codes considered for activation, the base station 
ensures that each user is operating at the optimal power level and that the network is operating at 
its maximum throughout having the maximum number of activated codes. 



bit energy to noise requirements. There is a limited capacity, defined in terms of number of 
codes or data rates on individual codes available to be used by the network for allocation to 
users, the limit being determined by the constraint of meeting the bit energy to noise 
requirements of the active users. There is also a limited overall power allocation available for 
10 each of the potential codes. An admission protocol is used to maximize the capacity utilization 
within the network with the limited overall power budget. In contrast to a MC-CDMA network 
j where the activation of each new code as part of the admission protocol adds a discrete block of 
j data rate to the reward function, in a VG-CDMA network the data rate added as part of an 
j admission protocol depends on the type of information that each multi-media user wishes to 

ji5 transmit. In a VG-CDMA network each user is assigned a single code. The data rate of the 

j 

\ single code depends on the mode of information being transmitted. For example, the 

i transmission of video information would use a much higher data rate than the transmission of 

! 

' voice information. In a VG-CDMA network both the data rate per code and power level are 

f changed. The reward function that is maximized is the sum of the data rates of all active users. 



i Each user's data rate requirements are based on the type of information to be transmitted 

f (e.g. voice, data, or video). The base station activates a code or specifies a particular data 
^ transmission rate for the code for each user with the goal of maximizing throughput within the 

power constraints of the system. Higher data rates require higher power. Therefore, the base 
25 station must control both the data rate, by user selection, and the power of the users to maximize 

throughput. 

The following is a brief outline of the steps, illustrated in Figure 2, used to calculate the 
optimum data rate and power before the presentation of the detailed mathematical procedures. 



5 



Most generally, the DS-CDMA network comprises a plurality of users having different 
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The process begins in step 23, where all the requests for bandwidth from the different 
mobile users are queued at the base station. The requests specify the maximum and minimum 
power capabilities of the mobile users as well as the minimum and maximum data rate 
requirements. 

Next, at step 25, data rates to be assigned to the users are all derived or expressed in 
terms of the received powers the base station requires from all of the mobile users. As a result, it 
is only necessary to determine the powers to be assigned to be able to determine both data rates 
and powers for each user. 



In step 27 the users are arbitrarily classified into power groups In the preferred 
embodiment, the two power groups used are either (i) maximum power limited or (ii) not 
[ maximum power limited. As discussed in greater detail below, well-reasoned heuristic choices 
f can simplify the decision-making process. A maximum power limited user is a user who is 
j15 required to transmit at his maximum power while a user who is not power limited will be told by 
; the base station to transmit at a power less than his maximum. 



| After step 27, the mobile users are then classified in step 29 into three groups based on 

r the data rates that the base station will assign them. The first set, PI, consists of users assigned 
20 data rates which are in between minimum and maximum rate requirements of the users. P2 
consists of users assigned a minimum data rate and P3 consists of users assigned a maximum 
| data rate. 

Next, as illustrated in step 31, using constants, the powers of all users in P2 and P3 can be 
25 expressed in terms of powers of users in PI. Then in step 31 powers of all users in PI are 
expressed in terms of the power of a single user in PI and the total in-cell interference (3. 

Once the powers of all users in PI has been restated, then in step 35, the power of the 
single user, which remains undetermined in step 31, is computed for a certain in-cell interference 
30 p, which is the total interference generated from within the cell (sum of powers of all active 
mobile users in cell) that can be tolerated by the network. 
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In Step 37, the system begins to work its way back to determine the powers and data rates 
of the remaining users. As shown in step 37, the system derives the powers for all users in sets 
PI, P2 and P3 using the relations established in steps 31 and 33. Then in step 39, the data rates 
are derived using the relations established in step 25. At decision point 41, the system loops 
5 back to step 27 and performs steps 29 through 39 for a new classification of users in terms of 
powers and data rates. This loop is performed until all possible classifications of users into the 
different power and data rate sets are exhausted. 

Finally, at step 43, the system determines the power and data rate allocation for the 
10 classification that yields the highest sum of data rates of all users. This is the final data rate and 
power assignment made by the base station to the mobile users requesting bandwidth. 

! The above procedure is computationally intense as the number of combinations of the 

j discussed classifications of power groups and rate groups grows exponentially with the number 
1 5 of users M. 

The following is a mathematical analysis of the steps leading up to the optimal rate and 
power solution. Let M denote the number of users requesting bandwidth. The spread spectrum 
; bandwidth is W. Each user uses a single code. Let r,- denote the data rate assigned to the user i. 

\ w 

20 The processing gain of the code used by the user i is — . Based on the date rate requirements of 

! n 

i the applications, the data rates are constrained by minimum and maximum rate requirements. 

j Let r™ n and r. max denote the minimum data rate and maximum rate respectively, required by the 
user /. Within the VG-CDMA network r„ is a continuum while in the MC-CDMA network the 
number of codes c, is discrete. The rate allocation vector for the M users is denoted by r. Let y i 

25 denote the ^/ No threshold for user i. Also define T. = y . * r. I W . 

The received power per code from the ith user is s { . Let s max = [5™*$™* s™ x J be the 

peak received power vector, s™* is a function of the handset transmitter peak output power and 
the propagation gain from the user's current location (the user's power budget). Note that s™* 
30 can change with the location and velocity of the user, as the channel conditions between the user 
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and the base station vary. Let r| represent the thermal noise plus out-of cell interference power. 
Let s denote the vector of received powers for the M users. The power allocation associated with 
a data rate allocation r is referred to as s(r). A data rate allocation r is said to be "feasible," if 
there exists a power vector s{r) < s 1 ™* . 

The ^%j 0 for the user / is: 



N 



b_ 

J 



w 

-X5, 

r 



10 The objective of the admission control policy is to determine the rate vector r such that 

| the overall traffic carried by the system is maximized i.e., the sum of the data rates allocated to 

! the M users (or a subset of the M users) is maximized. When a user's data rate is increased by 

i 

the admission policy, the processing gain decreases and the quantity T t increases. In the MC- 
CDMA network T, remains unaffected as codes are assigned to the user L As the 7, value 

i 

15 increases, the users require higher powers to maintain Quality of Service (QoS) as compared to 
power levels required to sustain the same increase in data rate for a user having a lower 7,-. 



w 

i — xy. 

i r * = ^ (1) 

j S" . <"> ( 

j 

j The optimal rate vector r* can be determined if the power allocation s* \s determined. 

i 

20 The users are classified in groups based on their rate and power allocations as below Define the 

i 

j following sets: 

<D - {isersiis* <s™ x } (2) 
n, = {isersi:r;*rr,r'*r?*} (3) 
n 2 = fasersiir; =r™} (4) 
n 3 = Risers i : r* = r/™" } (5) 



25 The set <t> represents those mobiles that are operating at their maximum received power at 

the optimal rate-power allocation. Similarly, the sets n classify the users based on their data 
rates at the optimal allocation. The complement of set X is denoted by X\ 
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The powers of the users belonging to sets n 2 and n 3 can be expressed in terms of the 
powers of users in set n, by using equation (1). 



Ws)-rf" Yj 



1 s;+l s; 



ien, 



( 



/en 2 



- r 1,1,11 y 
j 1 J 



j ' J 



1 s'+V 

fen, 



Vjen, (6) 



/en, 



(7) 



These are a set of N linear equations (/V =|n 2 | + |n 3 |), in N unknowns (powers of the 
users in sets I~I 2 and n 3 ). Therefore, solving for the powers of the users in set n i will result in 
determining the optimal rate and power allocation. The powers of the users in set Fl 2 may be 
expressed as follows: 



fj = 



/en, 



VjelL 



(8) 



j ' j 

( 



i run . , 



w 



+ rf Y j + x(w + rr Yj ) 2 j 



(9) 



x - 



jen 2 



The terms are independent of all power terms. The powers of the users in set n 3 may 
be expressed as follows: 



s , = 



= fj 



fi = 



/en, 
( 



vjen : 



(ii) 



i 



+ ■ 



r rrj 



^ 



V 



+ 



(12) 



x - 



1- X r / min r .(w + r™ n y > )+ Jfrj^ + f) (13) 



v en 3 
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Since the powers of the users belonging to set O' are known to be .v, m: ' x , we need to 
determine the powers of the users / that are belong to both sets <!> and n, . The following result 
helps determine the required powers for user /. 



10 



Let us define the following: 



(14) 



/, is the effective interference experienced by the user i. Also, let B = £ " s* . B is a 
measure of the total interference generated by users in the sector. From the definition of I;, we 
know that /. = fl + rz + s,. . Therefore, the powers of all users k y k ^ i, can be expressed in terms 

of a single user /. 



y k 



(15) 



•15 The powers for the users j in sets FI 2 and n 3 can be expressed in terms of the power s,- 

of user / in by using (15), (8) and (1 1). 



*j=fj x 



( ( i — 



V v 



ke 



f 



1(B + V ] 



ken. 



1- 



(16) 



Now we need to determine the power s, of user /. The powers of all the other users can 
20 be determined from (15) and (16). Since B = " s t , we have the following: 



B 



( 1 (B+nfi-J^ 

Jte(Onn,) [ V Y k 



+ S '7 

ye(<Dnn,) 



X 



i+ lfj + lfj)-^lfj + lf^ 



yen, yen, J ^jen. 



yen. 



(17) 



( 



2 I+Z/y + E/; 



The mathematical results that are derived above may be used to determine the optimal 
power-rate allocation as follows: 
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Consider all possible combinations of users resulting in the sets (3, 11, , n 2 and 
FI 3 . For each such combination of these sets as defined in equations (3-5) 
compute as follows: 

Using equations (9-12) determine the constant coefficients which relate the 
powers of the users in sets 11 2 and Il 3 , to the powers of users in set 11, . 

Using equation (17) determine the power s,. 

Using equation (15) determine the powers of the other users in llj and then, using 

equation (16) determine the powers of the users in Fl 2 and n 3 . The only 

remaining variable is the total interference power B. Powers of all users in the 
sector are functions of B alone. 

Determine the optimal power vector using the maximum value of B. This would 

: 
: 
: 

| depend on the peak-received powers from all mobiles or the interference 

1 threshold established in order to limit interference to neighboring sectors. 

s 

20 • Using equation (1) determine the optimal rate allocation for the particular choice 

I 

of sets. 

f • Compare the rate allocations so determined for all possible combinations of the 

I above sets to determine the optimal rate allocation. 

25 

The above procedure is computationally intense as the number of combinations of the set 
<E>, n, , Il 2 and n 3 that result grows exponentially with the number of users M. 

When the data rate constraints of the users are removed, the optimization approach 
30 discussed above is considerably simplified as the sets 11 2 and n 3 are empty. Since the 
complexity of the optimal solution lies in having to consider all possible combinations of the sets 



15 



14 



EXPRESS MAIL NO. B 




04491 US 




PATENT 
Docket No. 99-961 



O, n,, n 2 and n 3 , approximate solutions may be obtained by intelligent heuristic choices of 
these sets. 

The set $>' comprises of all users who operate at the maximum power. The candidate 
5 user for the set O' may be chosen from users who have low power budgets and are likely to 
operate at maximum power. In practice, location plays a significant factor in this determination. 
A user at a remote location relative to the nearest reception/transmission cell of the network is 
most likely required to operate at maximum power as opposed to users closely adjacent such a 
cell. Users having high values of y. are more likely to belong to set 3>. Also, consider the ratios 

10 r max = — ^ — and T™ n = — ^— . When users with higher T.™ tt are serviced, this results in a 

j higher increase in powers and interference as compared to servicing users with lower T t mm . 
J Therefore, the users with lower T™" may be chosen as candidates for the set n 3 . Users with 



; lower values of 7^™* are more likely in set n 2 . Users between the values of 7] min and 7^ max are 

assigned to set n,. Once the sets <E>, lip I~I 2 and n 3 are determined, based on these heuristic 

15 arguments, the steps in the optimal approach can be followed to determine the rate and power 
i allocations. 

The teachings presented herein provide efficient methods of assigning users data rates 
j while improving the capacity of a DS-CDMA system. The optimal allocation algorithm in MC- 
20 CDMA networks can be easily implemented. For VG-CDMA networks, the problem is 
considerably simplified by the absence of rate constraints. Even with the constraints, a 
methodology has been proposed that, while computationally intense, is guaranteed to yield the 
optimal rate-power allocation. An important result is that for the optimal allocation, the ratio of 
interference experienced by two users is equal to the square root of the reciprocal of their y 
25 targets. This result may be used in heuristic based algorithms to yield power allocations, which 
are sub-optimal but still provide high capacity. Sub-optimal algorithms for VG-CDMA 
networks are easy to implement and may be expected to provide significant improvement in 
capacity. 
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The above systems have been described for a cellular environment. But they are just as 
applicable, for example, in a fixed wireless environments using CDMA, including and not 
limited to locally area networks, wide area networks and metropolitan area wireless networks. 
When in a fixed wireless environment, it is possible to replace the number of mobile users with 
the number of fixed wireless terminals and then perform the teachings of the disclosed invention 
for efficient power and admission control in the fixed wireless network using CDMA. 

While the invention has been disclosed in connection with the preferred embodiments 
shown and described in detail, various modifications and improvements thereon will become 
readily apparent to those skilled in the art. Accordingly, the spirit and scope of the present 
invention is to be limited only by the following claims. 
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